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Introduction

The City of Cambridgeoversan area o¥.13 square miles (6.39 square miles of land), with a
population size of 109,6%s 0f2014". Approximately 30% of the land area@ambridge is
covered by tree canofiyThe Department of Public Works and the City Arborist of the City of
Cambridge manage a sizeable urban forest program, which includes maintaining public trees,
cleaning up after storms, protecting trees in constructimes, and guiding replanting efforts.

As part of the urban forest program, iy of Cambridgegthei @y0) maintainsa tree
inventory to track the over 19,000 publicly owned trees in the Titig comprehensive
inventory containgnformation on thespecies identity, size and location of all public trees, as
well as site characteristics and planting informatidre tree inventory was initiated in 2005,
andthe first inventory wasompleted in 2011. At the time of completion (December 2011), a
repor was created to describe the street and park trees in the cityhBdtke inventoryand
the 2011 report areeely available to the publian the City of Cambridge website.

The City continuously updates the tree inventory, whenexematree is planted onaold tree is
removed or reneasured. Additionalljpetween 2012 and 20Earthwatch Institutean an urban
forest program in Cambridge, in which citizen scientists who were trained by a professional
scientist measured thousandgablic trees in the City. Since the 2011 report, approximately

half of the records in the tree inventory have been updated, due to the combined efforts of City
personnel and the citizestientists of Earthwatch.

The data upon which thigport is lased include&2,566 tree inventory records,735 of which
arefrom the City of Cambridgécity tree inventory last updated January 16, 2046y 3,83Df
which wereupdatedoy Earthwatch researchers using data collectedtizgn-scientistdetween
2012 and 2015

The following section ofhe Urban Forest Management Plam the City of Cambridgerovides

an analysis of the current state of the urban fobested on theost upto-datetree inventory

This section includean update and eagpsion of the 2011 reportcludingdetails about the

public trees in Cambridge, including their location, ownership, and distribution throughout the
City. Wecomparehe range of sizes and the species composifisireet trees and park trees.

We further examine thdistribution and species composition of trees planted between 2007 and
2015, as well as the extent and distributioemfptytree wells throughout the City. Finally, we
demonstrate how tree health condition varies across thes€pigately for recently planted trees
and for older trees

1 United Stats Census Buredattp://www.census.gov/quickfacts/table/PST045215/25110080¢essed Feb 29,

2016.

200N®iuhne, J. 2012. A report on the City of Cambridgeos
Vermont Spatial Analysis Lab.

3 Ciesielki, Linda andrte City of Cambridge Department of Public Works Parks + Urban Fgi@atision. 2011.

The trees of the City of Cambridge: An analysis of the
4 www.cambridgema.gov/theworks/ourservices/urbanforestry/treeinventory
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Urban Forest Overview

Thetree inventory contains recartbr 20,773trees inthe | IN A NUTSHELL...
public domain in the City of Cambridgand an additional Of the 21,890 public tree wells it
1,117tree well locationsvhere a tree can be planted in the the City o,f Cambridge, 20,773
future(currentlylistedas 6 p |l anrt ionsg usm pt@echrerR/ a5
tree inventoryTable 1, Map 1). The inventory does not
includetrees on private property (such as gardens, commercial property, University property
etc).

A a tree.

The inventory contains aadditional 676 records in theviantory for retired tree wellsvhich
have beememoved from all furtheanalyse. Theselocationscontained public treest some
point in the pastbuttheyhave been retired because tlaeg either no longer suitable for
sustaining a treeor else plantingnewtree would conflict witithe requirements of the
Americanswith Disabilities Act ADA).

Table 1. Number of publicly owned trees and tree wells in the City , by site type.

Site type Tree | Stump | Planting Site | TOTAL
Trees and tree wells (cour| 20,773 546 571 | 21,890

Map 1: All City of Cambridge trees by site t ype.

N
Y, Site Type
’Iu > (4
oSt ) . o Tree
. V o &, ,..,\ : -
i’i“ W::«’ﬁc ‘\i\_‘ﬁ} Y ‘z,ll*\‘ ‘a" < A Planting Site
i ;’I‘M‘&' et Y s R X Retired

d ; - Y
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Tree Ownership

Of the 21,890 public trees and tree wele City ownsand maintains 19,804andthe

Department of Conservation and Recreaf{id@R) owns and maintains 1,84The remaining

341 treesand tree wellarecategorized as private or back of sidewalk trees, or are maintained by
other entities than the City or the Stéap 2).

Map 2: All City of Cambridge t rees by ownership category.

Tree Ownership
e City
e DCR
e Other

Private or Back of Sidewalk

Tree Location

The majority of all publicly owned treemd tree IN A NUTSHELL...

wellsin Cambridge arelassified astreet trees U Most of the trees owned by the Cit
(66.7% of Cityowned sites, an83.3% of DCR of Cambridgere street trees, and
owned sites)A largepercentagef trees are also most of the trees owned bPCR
classified as park tre€23.0% of Cityowned sites are park trees.

and 66.2% of DCRwned sites)Theremainingtrees
are located opublic schools¢ollege campusesgmeteriesaroundcity buildings,and atFresh
Pond golf courseThesetre s ar e s HNotWineetiorrPak hcea tfieTghter2and i n
Map 3.
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Table 2. Number of public trees in the City of Cambridge, by site type and site location.
Trees are owned by tig@ity, the Department of RecreatigDCR), or other entities (Not City or Stgte

Tree Location | Site Type City DCR | Not City | Total
or DCR
Street Tree 12,421 548 163 | 13,132
Stump 352 11 3 366
Planting Site 427 24 -- 451
Park Tree 4,386 1,130 123| 5,639
Stump 119 25 1 145
Planting Site 41 2 1 44
Not Street or Tree 1944 8 50| 2,002
Park Stump 35 -- -- 35
Planting Site 76 - -- 76
Total 19,801 1,748 341 21,890
"Tree wel IPantihgiSkeét eidn atshei tree inventory are empty well s t

Themajority of the analyses ihis documentocuson trees owned by the City or by DC&hd
onlyrarelydiscussst he 341 trees that are not owned by
DCRO c a tTabedrFyrtharmore, the analyses are focuse®&teet and Park trees, and
thusthe 2,063 trees owned by the City or DCR that are not located along streets or within parks
(i .e. ANot St r e €abledparerdPetydidcissed.at egory i n

t

Map 3. Location and classification of trees owned by the City of Cambridge.

City Tree Location

o Street Tree
¢ Park Tree
Other
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Tree Size

\{ \{ e Y
The benefits a tree providesthe city IN A NUTSHELL... _
and people living near,isuch as shade, Nearly half (45.7%) of street trees are relatively
carbon sequestration, and stormwater small sized (under 6 inches DBH). A combinatio
filtration, increases exponentially with of factors may contribute to this pattern.
siz& 6. As a treegrows, it expands 1. Recent Plantingsapproximately 300 trees
outward both from the tips of its branche bletwetzn 1 and 4 inches ggg;a"e been
as well as in the girth of its stems. ) glanteG eﬁ;‘ygetar since ' t
Beyond a certain size, the height of a tree < rga at;gut y Oigﬁgﬁ\éeéal_'g;’/z:’””g d:;es
is difficult to measure accurately, and so grow e . yy
foresters often measure the size of a tree SletallssegSf: lentific analysis Of current .
from the diameter of the am stem. Stem :trgi t)r/eeRsZn dxmgnagzelzrlr:l:;\tg fGs e 5705
gIl?trg?stgra\(gglg‘:’hréo%%?rl]ysvggr?] tr_I(::‘g aslllf)(\e/\’/ recommendationssectionof Management

; : ] d Plan. Thusijt can take a tree 4 to 8 years of
Or ComMparisons across Species an growth to pass from the fat to second size
forests, foresters around the world

; . class bin, and over a decade more to pass t
measure tree diameter at a standardize s | e s [,

\U

S

(@8

height of 4.5 feet above the ground. This 3 Tree deathssurvival rates of the larger trees
measurerant is known as diameter at in Cambridge are lower than the younger
breast height, or DBH. trees. As the large trees die, the overall

. ) proportion of small trees increases.
The anualdiameterincreaseof trees

varies byspeciesas well as based on
environmental conditions and the health of the tree. ,™ditiroough tree DBH increases with age,
it is not possible to directlygalculate the age of a tree basetelyon its DBH.However, it is
reasonable to assume thae size is roughly proportional to tree age, and tineigargest trees

in the inventory are amgrthe oldest trees in the city.

Here we look at the size ckadistribution of street trees and park trees by ownership (City or
DCR).In a natural forest environment, trees compete with each other for space, light, and other
resources. Due to this competition, there is a natural thinning process as trees gdtiasyén

many natural forests, there is a higher abundance of trees in smaller size classes than in larger
size classesdn the city, trees are generally planted far enough away from each other that they
will not have to compete with each other for rases. However, the resources available to trees

®Maco, S. E., and E. G. McPherson. 2003. A practical approach to assessing structure, function, and value of street
treepopulations in small communities. Journal of Arboriculture 20984

6 Stephenson, N. L., A. J. Das, R. Condit, S. E. Russo, P. J. Baker, N. G. Beckman, D. a Coomes, E. R. Lines, W. K.
Morris, N. Ruger, E. Alvarez, C. Blundo, S. Bunyavejchewin, G. ChuyBng, Davies, A. Duque, C. N.
Ewango, O. Flores, J. F. Franklin, H. R. Grau, Z. Hao, M. E. Harmon, S. P. Hubbell, D. Kenfack, Y-R.in, J.
Makana, A. Malizia, L. R. Malizia, R. J. Pabst, N. Pongpattananurgh, Su, I:F. Sun, S. Tan, D. Thomas,
P. Jvan Mantgem, X. Wang, S. K. Wiser, and M. A. Zavala. 2014. Rate of tree carbon accumulation
increases continuously with tree size. Nature 507390
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in a city are limited, particularly for street trees. Scientific studies have reported an average life
expectancy rates for street trees ranging from 7 to 28'y@arsletails on tree survival and

growth inthe City of CambridgeseeScientific analysis of current trends in growth and

survival of Cambridgeds str eetsettionofdJstbhanand mana
Forest Management PlaAlthough natural tree reproduction processesaity environment

are limited, the @y replaces dead trees wiimall tres, generally with an initial DBH of

approximately 2 inched hus we expect the sizelass distribution to roughly follow the

expected pattern for a natural forest, where there are many morentteesmaller size classes

compared to larger size classes.

Our analysis usesiBch and éinch size class bindlote that in the inventorgity personnel
measuredBH to the nearest inch until August 2085 which timethey began recordingBH
measurerants to the nearest 1M10f an inch. All tree inventory data from Earthwatch Institute
is recorded to the nearest 116 an inch. Treewith a DBH bordering two size class bins are
placed in thesmall size clasbin (ex a tree with a DBH of 3.0 inches places in the-8 inch

size class bin).

Street Trees

Of the 12,421 Cityowned street trees, 12,360 haveecorded DBH. Of the 548 DG&Rvned
street trees, 547 have a recorded DBH. All of the 163 trees in the inventory thdt are no
maintained by th€ity or DCRhave a recorded DBH. The following analyses were completed
on the 13,07@treettrees with a recorded DBH.

Across allpublicly ownedstreet trees in theity (City-owned, DCRowned, and trees not owned
by the City or DCR)smaller trees makeputhe majority of publiclyownedstreettrees in
Cambridge as expectedAlmost one quarter dll streettrees have a DBH of 3 inches or less,
and 45.7% have a DBH of 6 inches or |eBalfe 3a, Figure 1). Since 2011, the number of
street trees with a DBHf 6 inches or less has increased by 236 trees.

The percentage of street trees with a small diameter (DBH of 6 inches or less) is higher in the
City of Cambridge than in the neighting City of Somervill€, but similar to the size class
distribution of Lawrence, MA.

The City owns and maintains the majority of the public street trees in Campaddehesize
distribution patterrior all street trees is driven primarily by the size class distributid@itgf

“Roman and Scatena. 2011. Street tree survival rates:amelgsis of previous studies and applicatioa feld

survey in Philadelphia, PA, USAlrban Forestry & Urban Greenin@0(4): 269274.
8 Davey Resource Group. 2009. Street and Park/Public Space Tree Inventory Management Plan: Somerville,
Massachusettsvww.somervillema.gov/sites/default/files/documents/SomervilleTreelnventoryManagementPlan.pdf
(Accessed May 21, 2016).
9 Calvin, Jane. The Community Trees of Lawrence, MA.
http://www.mass.gov/eeal/docs/dcr/stewardship/forestry/urban/docs/lawremgtpl@cpessed May 21, 2016).
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ownedtrees(Table 3. AmongCity-ownedstreet trees, 24% have a DBH of 3 inches or less, and
approximately 22% have a DBH between three and six inches. @atyd City-ownedstreet
trees have a diameter of 24 incloesnore

DCR owns and maintains 547 street treeih a recorded DBHCompmred toCity-ownedtrees,

the size class distribution of DG&Rvned trees is skewed towards larger tréable 3 Figure

2). Only 13.5% of DCR trees are 3 inches or less in diameter, whereas 18.1% have a DBH of 24
inches or more. Th€ity-ownedstreet tres are skewed towards smaller trees because the city
actively plantsat leas300 new trees each year, whereas the DCR plants very few trees each
year, and focuses instead on maintaining the trees that are already undeditsiquris

Table 3. Sze class distribution of s treet trees in the City S,

a) All Street Treeg? b) City-owned Street Trees c¢) DCR-owned Street Trees
DBH DBH DBH
range Percent range Percent range Percent
(inches) Count of trees (inches) Count of trees (inches) Count of trees
0-3 3,069 23.5% 0-3 2,967 24.0% 0-3 74  13.5%
36 2,898 22.2% 36 2,727 22.1% 3-6 130 23.8%
6-12 3,331 25.5% 6-12 3,132 25.3% 6-12 146  26.7%
12-18 2,031 15.5% 12-18 1,927 15.6% 12-18 67 12.2%
1824 1,04 7.7% 1824 969 7.8% 1824 31 5.7%
24-30 413 3.2% 24-30 395 3.2% 24-30 18 3.3%
30-36 212 1.6% 30-36 187 1.5% 30-36 25 4.6%
36-42 66 0.5% 36-42 48 0.4% 36-42 18 3.3%
42+ 46 0.4% 42+ 8 0.1% 42+ 38 6.9%
TOTAL 13,00 100% TOTAL 12,3@ 100% TOTAL 547  100%

8Sixty-oneCity-ownedstreet trees and one D@Rvnedstreetirees were excluded frothis analysidecause they
did not have a recorddaBH value.

%This categoryricludes 12,361 Citpwned street trees with a recorded DBH, 547 Bf9Ried street trees with a
recorded DBH, and63 trees with a recorded DBH that are not maintained by the City or DCR.
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Figure 1. Size class distribution of all street trees in  the City.

All Street Trees
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25%
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Figure 2. Size class distribution of City -owned and DCR-owned street trees in the City.

m City Trees DCR Trees
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Park Trees

Of the4,386 Cityowned park trees, 12,4,326 have a recorded DBH. Of the 1,13600GeEd

park trees, 864 have a recorded DBH. Of the 123 trees in the inventory that are not maintained
by the City or the State, 119 have a recorded DBH. The following analysesamegpéeted on

the 5,309 park trees with a recorded DBH.

Across all publicly trees in Cambridgégtpercentagef park trees in the smaller size classes is
lower than thegercentagef street trees. Among all pankees in the inventory, only 184thave
aDBH of 3inches or less. The majority of park trees are in the 6 to 12 inclklagebin (34.2%
overall, and 35.6% dfity-ownedtrees,Table 4 Figure 3). Although, compared to street trees
the sizeclass distribution of park trees is skewed towargdatrees, thpercentagef trees in

the largest size classes is lower among park trees. Only 3.6%yafwnedpark trees are 24
inches or larger, compared to 5.2%Cify-ownedstreet trees. Among DGBwned trees, only
9.5% of park trees are 24 inchmdarger, compared to 18.1% of D&Rvned street trees.

The shifted size&lass distribution in park trees suggests that fewer trees have been planted
recentlyin parks compared to along streets. Similar to the pattern for street trees, the DCR
owned parkrees are also further skewed towards larger trees th&itthewnedtrees Table 4
Figure 4). This suggests that ti@ty has planted me treegecently in parks than DCR has.
The sizeclass distribution of park trees in Cambridge is similar to th&oofiervillepark tree®

Table 4. Size class distrib ution of park trees in the City %,

a) All Street Treeg™ b) City-owned Street Trees c¢) DCR-owned Street Trees
DBH DBH DBH
range Percent range Percent range Percent
(inches) Count of trees (inches) Count of trees (inches) Count of trees
0-3 551 10.4% 0-3 495 11.4% 0-3 50 5.8%
36 1,162 21.9% 36 1,011 23.4% 3-6 90 10.4%
6-12 1,818 34.2% 6-12 1539 35.6% 6-12 238 27.5%
12-18 1,075 20.2% 12-18 818 18.9% 12-18 246  28.5%
1824 469 8.8% 1824 311 7.2% 1824 158 18.3%
24-30 147 2.8% 24-30 86 2.0% 24-30 61 7.1%
30-36 53 1.0% 30-36 40 0.9% 30-36 13 1.5%
3642 18 0.3% 36-42 12 0.3% 36-42 6 0.7%
42+ 16 0.3% 42+ 14 0.3% 42+ 2 0.2%
TOTAL 5,309 100% TOTAL 4,326 100% TOTAL 864  100%

$8Sixty City-ownedparktrees 226 DCR-ownedparktrees and 4 trees not owned by the City or D@Bre excluded
from this analysidecause theglid not have a recorddaBH value.
“This category ncludes4,326City-ownedparktrees with a recorded DBI864 DCR-ownedparktrees with a
recorded DBH, and19trees with a recorded DBH that are not maintained by the City or DCR.
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Figure 3. Size class distribution of all park trees in  the City.
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Figure 4. Size class distribution of City -owned and DCR-owned park trees in the City.
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Species Composition KN A NUTSHELL... \

Among all publiclyownedtrees in the U Maintaining a diverse number of species i
city there are 140nique tree species an urban forest is important for maximizin
and an additional 114 trees that have not gﬁln;ggt%:r??ofggts ?g:emn?n?rerl?zzts' A
been identified to speciéseeAppendix . ; . i gh
A for a complete list)Maintaining an negstlve |m|ct)acttsbo sEecmsz)e}u o t reat_s
- ) : L such as pest outbreaks, and for increasin
urban forest with high species diversity lis rgsiliencf/)to clilrjnate change ! n
beneficial in various ways. Higher tree '

di o h . d U The public treesn the City are comprised
iversity increases the community an of 140unique tree species.

ecosystem benefits provided by the urban - e species diversity of Gityned trees is
forest, such aproviding greater aesthetic higherthan DCRowned trees,

appeal and providing a wider range of & The diversity of park trees is higher try

habitats to support wildlife. Moreover, ctreet tfreac
maintaining a diverse urban forest

minimizes the impacts gfest outbreaks that
target specific species, and also increases t

We piesent thespecies richnegsotal number of unique tree speciagdspecies composition
separately for street trees and park trees, andifgrownedtrees versus DClRwned trees.

Species richness is often correlated with number of individuals, and there ar€ityeve/ned
trees than DCRwned trees. Thuspiorder to compare thepecies richness values between the
city and DCR values, walsopresentarified species richnessvherbythe expected species
richness is modeled for equivalgnsized samplein each category.

Street Trees

Among the 12,42City-ownedstreet trees, there are @8ique specieand 11 trees that have not
been identified to specieAmong the 548 DCRwned street trees there d@unique species
and 4 trees that have not been identified to speld&ag rarefied species richness{(544), the
tree diversity of Cityowned trees is still higheéhan DCRownedtrees (City = 5Lnique

species, DCR = 18nique species).

The City of Cambridge maintains a more diverse street tree population than the cities of
Somerville or Brookline. The ten most commonly planted species comprise 87.3% of the street
tree population inhe City ofSomenille®, and 82.2% of the street tree population in Brookfine

but only 67.2% of the street tree population in the City of Cambridge.

Six species make up over half of Gey-ownedstreet tree$55.7% Figure 5). The most
commonCity-ownedstreet treespecies is Norway Mapld (628trees,13.1% of City trees), but

10 http://www.brooklinema.gov/579/Treenventory(Accessed May 21, 2016).
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the proportion is lower than it was in 2011 (2,038 trees, 15.8% of af)trdesway Maplewas
placedon the Massachusetts Prohibited Plant'Lesd of 2009andsince that time no additional
Norway Maples have been planted in the City. Tklus,abundance of this species is expected to
continueto decline Norway maple is also the most common speciesdrett treéen Somervillé,
Lawrencé, and Brookliné®, although the percentage of Norway Maple street trees in the City of
Cambridge is lower than iime other citiesThe other five most abundant Gibyvned street tree
species are Honeylocudt, 534 trees]2.4%), Red Maplel(231 trees9.9%), Callery Peai8{8
trees,7.1%), Littleleaf Linden&61 trees6.9%), and Pin Oak7g2,6.3%). Although no one
species or cultivar of Cherry is abundant enough to be one of the 1aboosianCity-owned
street tree spégs, in total there aré85cherry tree$3.9%.

Many of the species comprising the 15 most abundant-Dv@afed street treemrealso among

the most abunda@ity-ownedspeciesalthoughthe proportions are very differe(iigure 6).

The six most common DCR tree species comprise 83.3% of all@@Red stret trees. The

most abundant DGRRwned street tree is Pin Oak (23.4%), followed by Red Oak (18.4%),
Littleleaf Linden (13.3%), American Sycamore (10.9%), Japanese Zelkova (10.9%), and London
Planetree (6.9%).

Figure 5. Fifteen most abundant City -owned stre et trees in the City.

13.1%

Number of Trees (count)

1 hitp://www.mass.gov/eea/agencies/agr/faraproducts/plants/massachusetigrohibited-plant-list.html.
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